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II BAB  
IROET NASADNAL  
 
1.2  suriV ycneicifidonummI namuH   nad )VIH(  ycneicifidonummI deriuqcA
emordnyS  )SDIA(  
onummI deriuqcA emordnyS ycneicifid   alajeg nalupmuk nakapurem )SDIA(
 helo nakbabesid gnay tikaynep suriV ycneicifidonummI namuH   gnaroeseS .)VIH(
 nagned tubesid gnires SDIA atirednem uata VIH suriv iskefniret gnay ahdO  
iagabes nakataynid VIH iskefni atiredneP .)SDIA/VIH nagned pudih gnay gnaro(  
 gnay utnetret tikaynep uata alajeg nakkujnunem akitek SDIA atirednep
ad tabika nakapurem  suriv helo nakbabesid gnay hubut nahat ayad nanurunep ir
 .VIH  
erraB helo nakumetid VIH suriV - nawak nad ,reingatnoM ,ussuoniS -  nawak
 aggnihes itaponedafmil nakbabeynem gnay 3891 nuhat id ruetsaP tutitsnI adap
( VAL tubesid )suriV detaicossA yhtaponedahpmyL  .  ollaG ,civopoP ,4891 nuhaT
 patet gnay les nagnabmekrep aynada nakrabmaggnem aynajrek tabarek nad
 tubesid naidumek gnay suriv helo iskefniid haletes fitkudorp nad gnusgnalreb
VLTH -  6891 nuhat adaP .VAL nagned amas gnay suriv nakapurem ini suriV .III
I isimoK rebmem lanoisanretn i  utiay urab aman suriV ycneicifidonummI namuH  
.)VIH(  
surivorter nakapurem VIH suriV  (  suriv gnay   ANR isrevnokgnem tapad
)AND nanilas idajnem akerem   gnay suriv( ANR suriv nagnolog kusamret gnay
 isamrofni awabmep lukelom iagabes ANR nakanuggnem kiteneg  tubesiD .)
 mizne ikilimem anerak surivorter esatpircsnart evreser  naknikgnumem ini miznE .
 haburem suriv alad ek ANR malad adareb gnay aynkiteneg isamrofni  kutneb m
 isamrofni malad ek nakisargetniid naidumek gnay AND kiteneg   gnay tisofmil les
 tisofmil les emsinakem naktaafnamem tapad VIH naikimed nagneD .gnaresid
ajnem aynirid ipokgnem kutnu iric ikilimem gnay urab suriv id -  VIH .VIH iric
 numi metsis gnareynem utiay aisunam  nagned   tisofmil gnareynem repleH T   gnay
 tisofmiL .aynnaakumrep id 4DC ikilimem repleH T   taz naklisahgnem isgnufreb
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les nakutnebmep nad nahubmutrep gnasgnarep iagabes narepreb gnay aimik -  les
.idobitna nakutnebmep nad numi metsis malad nial  
riV  ,anigav/skivres iserkes ,nemes nariac irad nakisalosiid tapad VIH su
les ,tisofmil -  ria ,avilas ,atam ria ,lanipsorberes nariac ,sabeb amsalp malad les
 nakralajnem tapad tubesret nariac aumes itrareb kadit numaN .usus ria nad ,ines
sartnesnok anerak iskefni nariac malad suriv i -  .isairavreb tagnas tubesret nariac
 gnay anigav/skivres iserkes nad ,nemes nariac ,harad aynah ini taas iapmaS
 ubi irad VIH nakralunem tapad gnay ISA atres naralunep rebmus iagabes itkubret
alem rabesret tapad VIH uti aneraK .ayniyab ek  omoh kiab skes nagnubuh iul
 gnay muraj naanuggnep ,lauskesoreteh nupuam  naanughalaynep adap ramecret
naras adap ajrek naakalecek ,AZPAN a ynlasim natahesek nanayalep  kusutret a
majat tala uata muraj   ,ramecret gnay isufsnart   sidem nakadnit ,nagro ronod ,harad
 awhab itkub/kujnutep ada kadiT .kana ek ubi irad ISA nairebmep nad ,fisavni
 aradu ,gnaner malok ,teliot ,nakam tala ,lasisos katnok iulalem ralunem tapad VIH
.aggnares/kumayn helo nupuam ,nagnaur  
fniret gnaroeses haleteS 2 ,VIH iske - atar( naidumek uggnim 6 -  2 atar
 gnay gnaro hurapes irad hibeL .tuka laivorter mordnis halidajret )uggnim
 apureb tapad gnay ini remirp iskefni alajeg nakkujnunem naka VIH iskevniret
nialek ,)hamel asar ,idnes ireyn ,toto ireyn ,mamed( mumu alajeg  natukokum na
 ireyn( igoloruen alajeg ,afmil rajnelek nakakgnebmep ,)tulum id suklu ,tiluk maur(
 ,aibofotof ,alapek gnakaleb ireyn ,alapek  narulas nauggnag nupuam ,)iserped
skerona( anrec lum id rumaj ,eraid ,aesuan ,ai ut 2 gnusgnalreb tapad ini alajeG .) -  6
m 2 haleteS .natabognep apnat uata nagned kiabmem naka nad uggni -  uggnim 6
kitamotmisa esaf nakapurem ayntujnales ,gnalihgnem alajeg  ( alajeg ada kadit ) 
atar amales - 5( nuhat 8 atar -  ini taas VIH padignep raseb naigabeS .)nuhat 01
atiredneP .ini esaf adap adareb   lamron sativitka nakukalem tapad ,tahes kapmat
.nial gnaro adapek nakralunem tapad ipatet   ayntujnales kitamotmisa asam haleteS
alajeg lubmit naka ,kitamotmis esaf ek kusam -  ,mamed itrepes nauluhadnep alajeg
 itukiid naidumek gnay ,afmil rajnelek narasebmep  .kitsinutropo iskefni helo
nalajrep akam kitsinutropo iskefni aynada nagneD na   ikusamem halet tikaynep
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atar gnusgnalreb kitamotmis esaF .SDIA muidats -  rihkareb gnay nuhat 3,1 atar
.)6002 ,sekpeD( naitamek nagned  
/VIH iskefni nakhubmeynem kutnu tabo ada kadiT  ada ipat ,SDIA
 asib ini natawareP .tikaynep nagnabmekrep tabmalrepmem asib gnay natabognep
 alop inalajnem asib nad amal hibel pudih kutnu iskefniret gnay gnaro taubmem
aka harad seT .tahes pudih kutnu rutaret araces nakukalid n   isawagnem
 suriv nagnabmekrep  haletes nakukalid natabogneP .natabognep ialumem mulebes
nakhamelem ialum suriv  ,aisunam hubut nalabekek metsis  i  nakutnetid asib in
 sagutreb gnay les halada 4DC leS .harad malad 4DC les takgnit rukugnem nagned
ogneP .tikaynep padahret iskefni nawalem kutnu  haletes naknarasid aynasaib natab
takgnit naknurunem kutnu halada natabognep naujuT .053 hawab id 4DC akgna  
harad malad id VIH suriv  nad   gnay tikaynep adnunem uata hagecnem kutnu aguj
 naknurunem nad VIH nagned tiakret nanikgnumek   adapek nakralunem kutnu
.nial gnaro   
 itabognem kutnu nakanugid gnay tabo aparebeb halada )VRA( laivorteritnA
tabO .VIH iskefni -  tabmalrepmem ipat ,suriv hunubmem kadit ini natabo
 nagnolog utas padahret labek nad isatpadareb hadum asib VIH .suriv nahubmutrep
ka uti anerak helo ,VRA nagnolog irad isanibmok nakirebid na -  .VRA nagnolog
 .)TRA( larivorteritna iparet aman nagned lanekid hibel ini isanibmok natabogneP
 VRA tabo isanibmoK .VRA tabo nagnolog agit nakirebid naka neisap aynasaiB
adebreb nakirebid gnay - j idaj ,gnaro pait adap adeb  tafisreb ini natabognep sine
.susuhk uata idabirp  
 
2.2  laisnerefiD naamasreP metsiS  
gnay naamasrep halada laisnerefid naamasreP  anurut tapadret aynmalad id n-
bairav tapadret akiJ .nanurut el ( laggnut gnay sabeb elbairav tnednepedni elgnis  ,)
 nakapurem aynnanurut  naamasrep tubesid aynnaamasrep nad asaib nanurut
( asaib laisnerefid noitauqe laitnereffid yranidro hibel uata aud tapadret akiJ .)  
 tubesid aynnaamasrep nad laisrap nanurut halada aynnanurut ,sabeb lebairav
( laisrap laisnerefid naamasrep laitnereffid laitrap  noitauqe  ) )9991 ,seryA( . 
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 edro reinil laisnerefid naamasrep mumu araceS n : kutnebreb  
 
𝑎0(𝑡)
𝑑𝑛𝑦
𝑥𝑑 𝑛
+  𝑎1(𝑡)
𝑑𝑛−1𝑦
𝑥𝑑 𝑛−1
+ ⋯ +  𝑎𝑛−1(𝑡) 
𝑦𝑑
𝑥𝑑
+ 𝑎𝑛(𝑡)𝑦 = 𝑏(𝑡).  ( .2 )1  
gnadeS rep halada raenilnon laisnerefid naamasrep nak gnay naamas  aynkutneb  
irad adebreb  P ( naamasre .2 .)1  
 naka akam ,laisnerefid naamasrep aparebeb tapadret alibapA kutnebret   utaus
 naamasrep metsis utaus irad mumu kutneB .laisnerefid naamasrep metsis
amatrep edro laisnerefid  halada   tukireb iagabes  )1102 ,gizsyerK(  :  
𝑦1
′ = 𝑓1�𝑡, 𝑦1,𝑦2, … , 𝑦𝑛� 
                                              𝑦2
′ = 𝑓2�𝑡, 𝑦1,𝑦2, … , 𝑦𝑛�  2( 2. ) 
⋮ 
𝑦𝑛
′ = 𝑓𝑛�𝑡, 𝑦1,𝑦2, … , 𝑦𝑛� 
2( laisnerefid naamasreP 2.  rotkev nagned rotkev naamasrep iagabes silutid asib )
 molok 𝒚 = [𝑦1,𝑦2, … , 𝑦𝑛]
𝑇 nad  molok rotkev  𝒇 = [𝑓1,𝑓2, … , 𝑓𝑛]
𝑇  metsiS .
2( laisnerefid naamasrep 2. : iagabes silutid tapad )  
𝒚′ = 𝒇(𝑡, 𝒚).                                               ( .2 )3  
 naamasrep metsiS 2( laisnerefid 2.  ) nakapurem   raenil isgnuf akij raenil metsis
 malad 𝑦1,𝑦2, … , 𝑦𝑛  ,  nad : tukireb iagabes silutid tapad  
𝑦1
′  =  𝑎 11 (𝑡)𝑦1 + 𝑎 21 (𝑡)𝑦2 + ⋯ + 𝑎1𝑛(𝑡)𝑦𝑛 + 𝑔1(𝑡) 
𝑦2
′  =  𝑎 12 (𝑡)𝑦1 + 𝑎 22 (𝑡)𝑦2 + ⋯ + 𝑎2𝑛(𝑡)𝑦𝑛 + 𝑔2(𝑡) 
⋮                                                             ( .2 )4  
𝑦𝑛
′  =  𝑎𝑛1(𝑡)𝑦1 + 𝑎𝑛2(𝑡)𝑦2 + ⋯ + 𝑎 𝑛𝑛 (𝑡)𝑦𝑛 + 𝑔𝑛(𝑡) 
( naamasreP .2 : idajnem silutid tapad )4  
𝒚′ = 𝒚𝑨 + 𝒈, ( .2 )5  
nagned  
  𝑨 =  �
𝑎 11 ⋯ 𝑎1𝑛
⋮ ⋱ ⋮
𝑎𝑛1 ⋯ 𝑎 𝑛𝑛
�,  𝒚 = �
𝑦1
⋮
𝑦𝑛
�, 𝒈 =  �
𝑔1
⋮
𝑔𝑛
� 
 
 
 
 
 
II -5 
 
 akij negomoh tubesid metsiS
 
𝒈 = 𝟎  ,  aggnihes  
𝒚′ = 𝒚𝑨 . ( .2 )6  
 akiJ 𝒈 ≠ 𝟎 S akam , ( metsi .2 .negomohnon tubesid )5  
 
3.2   kitiT muirbiliukE  nalibatseK asilanA nad  
 kitiT muirbiliuke   uata ,natsnok naadaek rotkev irad kareg kitit nakapurem
 kitit nial atak nagned muirbiliuke   nupualaw natsnok patet gnay isulos nakapurem
utkaw  suret   .itnagreb  
)1002 ,okreP( 1.2 isinifeD   kitiT 𝑥∗ ∈ ℝ𝑛  metsis muirbiliuke kitit tubesid
𝑦′ = 𝑓(𝑥)  akij 𝑓(𝑥∗) = 0. 
 
1.2 hotnoC  
sis nakirebiD :utiay laisnerefid naamasrep met  
𝑦′ = �
𝑥1𝑥2 − 2𝑥2
2𝑥1
2 + 𝑥2
� 
.sata id laisnerefidd naamasrep metsis irad muirbiliuke kitit nakutneT  
:naiaseleyneP  
 akij helorepid tapad sata id naamasrep irad muirbiliuke kitiT 𝑓(𝒙∗) = 0. 
s idajnem sata id metsis aggnihe : 
𝑥1𝑥2 − 2𝑥2 = 0 
 
a nagned silutid tapad uat : 
𝑥2(𝑥1 − 2) = 0 
 helorepid tubesret naamasrep nakrasadreB 𝑥1
∗ = 2   nad 𝑥2
∗ = 0. 
 akiJ 𝑥1
∗ = 2  naamasrep kutnu akam , 2𝑥1
2 + 𝑥2  helorepid 𝑥2
∗ = −8  kitit aggnihes
 muirbiliuke 𝐸1 = (2, −8). 
 akiJ 𝑥2
∗ = 0  naamasrep kutnu akam , 2𝑥1
2 + 𝑥2  helorepid 𝑥1
∗ = 0  kitit aggnihes
 muirbiliuke 𝐸2 = (0,0). 
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 kitit aud tapadreT muirbiliuke   narabeynep akitametam ledom malad
tikaynep  kitit utiay , muirbiliuke  p sabeb tikayne   kitit nad muirbiliuke   kimedne
p tikayne .  kitiT muirbiliuke   sabeb p tikayne   kadit isalupop utaus malad akij idajret
 gnay udividni tapadret iskefniret  nad   kitit muirbiliuke   kimedne p tikayne   utiay
naadaek  anamid   gnay udividni tapadret ulales tubesret isalupop malad iskefniret  .  
 kitit nalibatseK muirbiliuke  
 
𝑥∗ ialin nakitahrepmem nagned nakutnetid tapad -
 utiay ,negie ialin 𝜆𝑖, 𝑖 = 1,2, … , 𝑛  .kitsiretkarak naamasrep irad helorepid gnay  
 
( 1.2 ameroeT 0102 ,onoibuS  )  laisnerefid naamasrep nakirebiD 𝑦′ = 𝑥𝐴   nagned
 A narukureb skirtam halada  𝑛 × 𝑛  ikilimem  k  adebreb gnay negie ialin
𝜆1,  𝜆2, … , 𝜆𝑛  nagned  k  ≤ n. 
.a   muirbiliuke kitiT 𝑥∗ akij aynah nad akij ,sitotmisa libats nakatakid   
𝑒𝑅  𝜆𝑖 < 0  paites kutnu 𝑖 = 1,2, … , 𝑘. 
.b   muirbiliuke kitiT 𝑥∗  akij aynah nad akij ,libats nakatakid 𝑒𝑅  𝜆𝑖 ≤ 0  kutnu
 paites 𝑖 = 1,2, … , 𝑘. 
.c   muirbiliuke kitiT 𝑥∗  akij aynah nad akij ,libats kadit nakatakid  
𝑒𝑅  𝜆𝑖 > 0  kutnu aparebeb  𝑖 = 1,2, … , 𝑘. 
alibapA   negie ialin  irad  kitsiretkarak naamasrep  metsis utaus  tapad kadit
hadum nagned nakutnetid htuoR airetirk nakanugid tapad akam , - ztiwruH  .  aneraK
htuoR nalibatsek airetirk -  ialin irad laer naigab adnat tahilem kadit ini ztiwruH
raka uata negie - raka  aces kitsiretkarak naamasrep  tahilem naknialem gnusgnal ar
irad neisifeok  kitsiretkarak naamasrep . 
 
 2.2 ameroeT ( nellA  )6002 , utiay ,kitsiretkarak naamasrep nakirebid akiJ  : 
𝑃 (𝜆) =  𝜆𝑛 + 𝑎1𝜆
𝑛−1 +  … +  𝑎𝑛−1𝜆 + 𝑎𝑛, 
nagned  aj  ,laer nagnalib nakapurem gnay neisifeok halada j ,...,2,1 = n  helorepiD .
 nesifeok nakanuggnem ztiwruH skirtam a  j  kitsiretkarak laimonilop naamasrep irad
 : tukireb iagabes nakisinifedid gnay  
𝐻1 = (𝑎1),   𝐻2 =  �
𝑎1 1
𝑎3 𝑎2
� , 𝐻3 =  �
𝑎1 1 0
𝑎3 𝑎2 𝑎1
𝑎5 𝑎4 𝑎3
� , 
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 nad  
 
𝐻𝑛 =  
⎝
⎜
⎛
𝑎1 1 0
𝑎3 𝑎2 𝑎1
𝑎5 𝑎4 𝑎3
0 ⋯ 0
1 ⋯ 0
𝑎2 ⋯ 0
⋮ ⋮    ⋮
0 0    0
 ⋮   ⋯ ⋮
 0   ⋯ 𝑎2⎠
⎟
⎞
 
nagned  aj  akij 0 = n > j  .  
rakA -  laimonilop kitsiretkarak naamasrep irad raka 𝑃 (𝜆)  uata fitagen halada
 skirtam aumes irad nanimreted akij aynah nad akij fitagen laer naigab ikilimem
: fitisop halada ztiwruH  
ted  �𝐻𝑗� >  0 , 𝑗 =  1,2, . . . , 𝑛.   
 akiteK 𝑛 = 2 htuoR airetirk -   kutnu ztiwruH ted  𝐻1 =  𝑎1 > 0 nad  
ted  𝐻2 = ted �
𝑎1 1
0 𝑎2
� = 𝑎1𝑎2 > 0  uata 𝑎1 > 0 𝑛𝑎𝑑  𝑎2 > 0 
 nakrasadreB htuoR airetirk -  ztiwruH u tajaredreb laimonilop kutn  𝑛 =
2, 3, 4,  nad 5  ,   kitit awhab nakataynid muirbiliuke  akij ,libats  : 
𝑛 = 2 ∶  𝑎1 > 0 𝑛𝑎𝑑  𝑎2 > 0 
𝑛 = 3 ∶  𝑎1 > 0 , 𝑎3 > 0   nad 𝑎1𝑎2 > 𝑎3 
𝑛 = 4 ∶  𝑎1 > 0 , 𝑎3 > 0 , 𝑎4 > 0 , 𝑛𝑎𝑑   𝑎1 𝑎2 𝑎3 > 𝑎3
2 +  𝑎1
2 𝑎4  
𝑛 = 5 ∶   𝑎𝑖 > 0, 𝑖 = 1,2,3,4,5,  𝑎1 𝑎2 𝑎3 > 𝑎3
2 +  𝑎1
2 𝑎4 , 𝑛𝑎𝑑   (𝑎1 𝑎4 −
 𝑎5) ( 𝑎1 𝑎2 𝑎3 − 𝑎3
2 − 𝑎1
2 𝑎4) >  𝑎5( 𝑎1 𝑎2 −  𝑎3)
2 +   𝑎1𝑎5
2 . 
 
4.2  ibocaJ skirtaM   
 nagned itakedid tapad reinilnon metsis muirbiliuke kitit irad nalibatsek tafiS
nem g  ek reinilnon metsis habugnem utiay isasireiniL .isasireinil edotem nakanug
 ratikes id naibocaj skirtam nakutnenem uata reinil metsis malad .muirbiliuke kitit  
.2 isinifeD 2 )1002 ,okreP(   reinil metsiS 𝒚′ = 𝐴𝒙  skirtam nagned 𝐴 = 𝑓𝐽 (𝑥∗) 
 isasireinil tubesid 𝒚′ = 𝑓(𝑥)  adap 𝑥∗. 
tukireb iagabes laisnereffid naamasrep metsis nakirebiD : 
𝑑
𝑡𝑑
𝑥(𝑡) = 𝐹(𝑥, 𝑦)  
𝑑
𝑡𝑑
𝑦(𝑡) = 𝐺(𝑥, 𝑦) 2( .7) 
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 nagned (
 
𝑥∗, 𝑦∗)  nakapurem e kitit k muirbiliu  metsis irad  .  nakA id t  metsis nakutne
 akitek takedret reinil (𝑥, 𝑦) nagned taked  (𝑥∗, 𝑦∗). 
𝑑
𝑡𝑑
𝑥(𝑡) = 𝐹(𝑥, 𝑦) ≈ 𝐹(𝑥∗, 𝑦∗) +
𝐹𝜕
𝑥𝜕
(𝑥∗, 𝑦∗)(𝑥 − 𝑥∗) +
𝐹𝜕
𝑦𝜕
(𝑥∗, 𝑦∗)(𝑦 − 𝑦∗)   
𝑑
𝑡𝑑
𝑦(𝑡) = 𝐺(𝑥, 𝑦) ≈ 𝐺(𝑥∗, 𝑦∗) +
𝐺𝜕
𝑥𝜕
(𝑥∗, 𝑦∗)(𝑥 − 𝑥∗) +
𝐺𝜕
𝑦𝜕
(𝑥∗, 𝑦∗)(𝑦 − 𝑦∗)  
 
anerak  𝐹(𝑥∗, 𝑦∗) = 𝐺(𝑥∗, 𝑦∗) = 0 akam ,  
𝑑
𝑡𝑑
𝑥(𝑡) = 𝐹(𝑥, 𝑦) ≈
𝐹𝜕
𝑥𝜕
(𝑥∗, 𝑦∗)(𝑥 − 𝑥∗) +
𝐹𝜕
𝑦𝜕
(𝑥∗, 𝑦∗)(𝑦 − 𝑦∗)  
𝑑
𝑡𝑑
𝑦(𝑡) = 𝐺(𝑥, 𝑦) ≈
𝐺𝜕
𝑥𝜕
(𝑥∗, 𝑦∗)(𝑥 − 𝑥∗) +
𝐺𝜕
𝑦𝜕
(𝑥∗, 𝑦∗)(𝑦 − 𝑦∗)                  )8.2(  
reP as .2( naam 8  .reinil naamasrep metsis nakapurem ) halada aynskirtam neisifeoK  
:tukireb iagabes  
𝐽 = �
𝐹𝜕
𝑥𝜕
(𝑥∗, 𝑦∗)
𝐹𝜕
𝑦𝜕
(𝑥∗, 𝑦∗)
𝐺𝜕
𝑥𝜕
(𝑥∗, 𝑦∗)
𝐺𝜕
𝑦𝜕
(𝑥∗, 𝑦∗)
�   )9.2(  
.2( skirtaM 9 kirtam nakapurem ) s  metsis irad naibocaj P ( naamasre .2 8  kitit adap )
ke muirbiliu (𝑥∗, 𝑦∗). 
 
2.2 hotnoC  
naibocaJ skirtam nakutneT  :tukireb naamasrep metsis irad  
𝑑𝑥1
𝑡𝑑
= 𝑥1
2 + 2𝑥2  
𝑑𝑥2
𝑡𝑑
= 𝑥1
2𝑥2  
:naiaseleyneP  
D naklasimi :  
𝑓1(𝑥1, 𝑥2) = 𝑥1
2 + 2𝑥2  ,  
𝑓2(𝑥1, 𝑥2) = 𝑥1
2𝑥2 
m halada aynnaibocaJ skirtam aka : 
 𝐽 = �
𝜕𝑓1
𝜕𝑥1
𝜕𝑓1
𝜕𝑥2
𝜕𝑓2
𝜕𝑥1
𝜕𝑓2
𝜕𝑥2
� = �
2𝑥1 2
2𝑥1𝑥2 𝑥1
2� 
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5.2   rasaD iskudorpeR oisaR
 
(𝑹𝟎) 
 retemarap utaus nakulrepid tikaynep narabeynep takgnit iuhategnem kutnU
( rasaD iskudorpeR oisaR halada nakanugid asaib gnay retemaraP .utnetret  cisaB
rebmuN noitcudorpeR  oisaR .)  gnay nagnalib halada rasaD iskudorpeR
nakataynem  atar aynkaynab -  udividni ralutret tabika rednukes fitkefni udividni atar
 isalupop malad id gnusgnalreb gnay remirp fitkefni elbitpecsus  alup ada numaN .
 halmuj nakkujnunem gnay nagnidnabrep uata oisar iagabes aynnakitragnem gnay
 udividni elbitpecsus  em gnay  udividni utas helo naktabikaid gnay tikaynep atiredn
detcefni  sabeb muirbiliuke kitit utiay muirbiliuke kitit aud ikilimem ledom akiJ .
kaynep kimedne muirbiliuke kitit nad ti   kimedne idajret naka akam ,tikaynep
 alibapa 𝑅0 > 1  alibapa kimedne idajret kadit nad 𝑅0 < 1. 
 tapadret naklasiM n isalupopbus   nad iskefniret m isalupopbus   kadit
 alup naklasimid ayntujnaleS .iskefniret x  nad iskefniret isalupopbus nakataynem y 
 nad ,)hubmes nad natner( iskefniret kadit isalupopbus nakataynem 𝑥 ∈ ℝ𝑛 nad  
𝑦 ∈ ℝ𝑚 kutnu  𝑚, 𝑛 ∈ ℕ :aggnihes ,  
𝒚′ = 𝜑𝑖(𝑥, 𝑦) − 𝜓𝑖(𝑥, 𝑦)  nagned , 𝑖 = 1, 2, … , 𝑛 
 nagneD 𝜑𝑖  adap habmanem gnay rednukes iskefni ujal haladai isalupopbus  
nad iskefniret  𝜓𝑖  uata nad ,naitamek ,tikaynep nagnabmekrep ujal halada
 irad isalupop ayngnarukreb naktabikagnem gnay nahubmesek isalupopbus  
.iskefniret  
 naamasreP isalupopbus irad  halet gnay iskefniret   tapad isasiraenilid
 naksilutid :tukireb iagabes  
𝒚′ = (𝐹 − 𝑉)𝒙 
 nagned F nad  V  narukureb kirtam halada 𝑛𝑥𝑛  nad  𝐹 =
𝜑𝜕 𝑖
𝜕𝑢𝑖
(𝑦0, 0)  nad
𝑉 =
𝜓𝜕 𝑖
𝜕𝑢𝑖
(𝑦0, 0). 
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 skirtam nakisinifedid ayntujnaleS K iagabes : 
 
𝐾 = 𝐹𝑉−1 
 nagned K  iagabes tubesid xirtam noitareneg txen  iskefni irad naparah ialiN .
 irad )nanimod negie ialin( lartkeps suidar halada natner isalupop adap rednukes
 skirtam K )1002 ,hguomtaW nad esseirD(  aggnihes : 
𝑅0 = 𝜌(𝐾) = 𝜌(𝐹𝑉
−1). 
 
6.2  SDIA/VIH tikayneP narabeyneP AIS akitametaM ledoM  
 nagned ilawaid aisunam isalupop malad id SDIA/VIH narabeynep sesorP
udividni aynada -  adap akitek aynutjnaleS .VIH iskefniret gnay natner udividni
 naka ini suriv utnetret utkaw nuruk malad akam VIH isketedret gnaroeses hubut
.SDIA tikaynep idajnem gnabmekreb   isalupop nakismusaid ,uti babes helO
 agit malad nakkopmolekid aisunam isalupopbus  utiay , elbitpecsus  , detcefni  nad ,
SDIA  ihuragnepmem kadit nakismusaid kududnep nahadniprep uata isargiM .
 aisunam isalupop halmuj (𝑁) .pututret tafisreb isalupop anerak  
 SDIA/VIH narabeyneP   margaid nagned nakrabmagid asib AIS ledom kutnu
:ini hawab id rila  
 
 
 
 
 
 1.2 rabmaG SDIA/VIH narabeyneP  IS ledoM  A  
 
s  helorepid aggnihe akitametam ledom  AIS ledom kutnu  :tukireb iagabes  
𝑆𝑑
𝑡𝑑
= 𝛬 − 𝑆𝛽
𝐼
𝑁
− 𝑆𝜇   
𝐼𝑑
𝑡𝑑
= 𝑆𝛽
𝐼
𝑁
− 𝐼𝛾 − 𝐼𝜇   
𝐴𝑑
𝑡𝑑
= 𝐼𝛾 − 𝐴𝜇 − 𝐴𝛿  01.2( ) 
 anamid 𝑁(𝑡) = 𝑆(𝑡) + 𝐼(𝑡) + 𝐴(𝑡). 
I A S 
𝑆𝛽
𝐼
𝑁
 𝐼𝛾  𝛬 
𝑆𝜇  𝐼𝜇  𝐴𝜇  
𝐴𝛿  
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 sabeb muirbiliuke kitit iracid tapad helorepid halet gnay ledom nakrasadreB
 nad tikaynep kimedne  em nagned tubesret ledom irad tikaynep  taubm
 
𝑆𝑑
𝑡𝑑
 ,
𝐼𝑑
𝑡𝑑
, nad  
𝐴𝑑
𝑡𝑑
 .0 idajnem  
𝛬 − 𝑆𝛽
𝐼
𝑁
− 𝑆𝜇 = 0  
𝑆𝛽
𝐼
𝑁
− 𝐼𝛾 − 𝐼𝜇 = 0  
𝐼𝛾 − 𝐴𝜇 − 𝐴𝛿 = 0   .2( 11  )  
d 11.2( metsiS ira :utiay tikaynep sabeb muirbiluke kitit helorepid )  
�?̂?, 𝐼, ?̂?� = �
𝛬
𝜇
, 0, 0�  
 kitit nad :utiay tikaynep kimedne muirbiliuke  
(𝑆∗, 𝐼∗, 𝐴∗) = �
𝑁(𝛾+𝜇)
𝛽
,
𝛽𝛬 −(𝛾+𝜇) 𝑁𝜇
𝛽(𝛾+𝜇)
,
𝛾[ 𝛽𝛬 −(𝛾+𝜇) 𝑁𝜇 ]
( 𝛽𝛾 + 𝛽𝜇 )( 𝐴𝛿 + 𝐴𝜇 )
� . 
 
7.2  argorP nagned SDIA/VIH tikayneP narabeyneP ledoM m  ,isakudE
ipareT nad ,gninirkS  
 SDIA/VIH iskefni narabeynep harajes gnajnapeS  nahagecnep margorp
 gnay udividni adap naralunep okiser naknurunem kutnu amaturet nakujutid
 utas halaS .aynVIH sutats iuhategnem kadit gnay udividni uata VIH fitagen
 isakude nagned halada SDIA/VIH irad narabeynep risilaminimem kutnu margorp
nirks ,natahesek ( VRA iparet nad ,gni a laivorteritn  isketedret gnay gnaro igab )
 haubes nakirebid naka tukireB .VIH fitagen gnay gnaro nupuam VIH fitisop
 margaid rabmag refsnart   SDIA/VIH tikaynep narabeynep sesorp taumem gnay
.iparet nad ,gninirks ,isakude margorp nagned  
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2.2 rabmaG   margaiD refsnarT   akitametaM ledoM  narabeyneP
agned   SDIA/VIH ipareT nad ,gninirkS ,isakudE n  
 
 irad aggniheS 2.2 rabmaG   akitametam ledom helorepid sata id
:tukireb iagabes SDIA/VIH narabeynep  
 
𝑑𝑆1
𝑡𝑑
= (1 − 𝑝)𝛬 + 𝑘𝑆2 − (𝜆 + ƞ + 𝜇)𝑆1  
𝑆𝑑 2
𝑡𝑑
= 𝛬𝑝 + ƞ𝑆1 − [(1 − 𝛹)𝜆 + 𝑘 + 𝜇]𝑆2  
 
𝐼𝑑 1
𝑡𝑑
= 𝜆𝑆1 + (1 − 𝛹)𝜆𝑆2 − (𝜃 + 𝜎1 + 𝜇)𝐼1  )21.2(  
𝐼𝑑 2
𝑡𝑑
= 𝐼𝜃 1 − (𝛿 + 𝜎2 + 𝜇)𝐼2  
𝑇𝑑
𝑡𝑑
= 𝐼𝛿 2 − (𝜎 + 𝜇)𝑇  
𝐴𝑑
𝑡𝑑
= 𝜎1𝐼1 + 𝜎2𝐼2 + 𝑇𝜎 − (𝛾 + 𝜇)𝐴  
id  anam 𝜆 =
𝑐1𝛽1𝐼1+𝑐2𝛽2𝐼2+𝑐3𝛽3𝑇
𝑁
 nad  𝑁 = 𝑆1 + 𝑆2 + 𝐼1 + 𝐼2 + 𝑇 + 𝐴 
 sabeb muirbiliuke kitit iracid tapad helorepid halet gnay ledom nakrasadreB
 taubmem nagned tubesret ledom irad tikaynep kimedne nad tikaynep
𝑑𝑆1
𝑡𝑑
 ,
𝑑𝑆2
𝑡𝑑
 ,
𝑑𝐼1
𝑡𝑑
 ,
𝑑𝐼2
𝑡𝑑
 ,
𝑇𝑑
𝑡𝑑
 nad ,
𝐴𝑑
𝑡𝑑
 .0 idajnem  
𝑆1 
𝑆2 
𝐼1 𝐼2 
𝐴 
𝑇 
(1 − 𝑝)𝛬 
ƞ 
𝑘 
𝜆 
(1 − 𝛹)𝜆 
𝜇 
𝛬𝑝  
𝜃 
𝜇 
𝜇 
𝜇 𝜇 
𝜇 
𝜎1 𝜎2 𝜎 
𝛾 
𝛿 
 
 
II - 31  
 
(
 
1 − 𝑝)𝛬 + 𝑘𝑆2 − (𝜆 + ƞ + 𝜇)𝑆1 = 0  
𝛬𝑝 + ƞ𝑆1 − [(1 − 𝛹)𝜆 + 𝑘 + 𝜇]𝑆2 = 0  
𝜆𝑆1 + (1 − 𝛹)𝜆𝑆2 − (𝜃 + 𝜎1 + 𝜇)𝐼1 = 0  
𝐼𝜃 1 − (𝛿 + 𝜎2 + 𝜇)𝐼2 = 0  )31.2(  
𝐼𝛿 2 − (𝜎 + 𝜇)𝑇 = 0 
𝜎1𝐼1 + 𝜎2𝐼2 + 𝑇𝜎 − (𝛾 + 𝜇)𝐴 = 0 
d 31.2( metsiS ira :utiay tikaynep sabeb muirbiluke kitit helorepid )  
�?̂?1, ?̂?2,  𝐼1,  𝐼2, 𝑇�, ?̂?� = �
[(1−𝑝)(𝑘+𝜇)+ 𝑘𝑝 ]𝛬
𝜇(𝑘+ƞ+𝜇)
,
[(1−𝑝)ƞ+𝑝(Ƞ+𝜇)]𝛬
𝜇(𝑘+ƞ+𝜇)
, 0, 0, 0, 0�  
:utiay tikaynep kimedne muirbiliuke kitit nad  
(𝑆1
∗, 𝑆2
∗, 𝐼1
∗, 𝐼2
∗, 𝑇∗, 𝐴∗) = �
𝑃𝛬
𝑄
,
[Ƞ+𝑝(𝜆∗+𝜇)]𝛬
𝑄
,
𝛬𝜆∗𝑉
(𝜃+𝜎1+𝜇)𝑄
,
𝜃𝐼1
∗
𝐷
,
𝜃𝛿 𝐼1
∗
(𝜎+𝜇)𝐷
,
𝑈𝐼1
∗
(𝜎+𝜇)(𝛾+𝜇)𝐷
�  
id anam : 
𝑃 = [(1 − 𝑝)(1 − 𝛹)𝜆∗ + (1 − 𝑝)𝜇 + 𝑘]𝛬, 
𝑄 = (1 − 𝛹)𝜆∗ + (Ƞ − 𝛹Ƞ + 𝑘 + 2𝜇)𝜆∗ + 𝜇2 + (Ƞ + 𝑘)𝜇, 
𝑈 = [𝜎1𝜇
2 + [𝜎1(𝛿 + 𝜎) + 𝜎2(𝜎1 + 𝜃)]𝜇 + (𝜎1 + 𝜃)(𝛿 + 𝜎2)𝜎], 
𝑉 = (1 − 𝛹)𝜆∗ + [(1 − 𝛹) 𝜇𝑝 + (1 − 𝑝)𝜇 + 𝑘]𝜆∗, 
𝐷 = 𝛿 + 𝜎2 + 𝜇, 
𝜆∗ =
𝑐1𝛽1𝐼1
∗+𝑐2𝛽2𝐼2
∗+𝑐3𝛽3𝑇
𝑁∗
, 
𝑁∗ = 𝑆1
∗ + 𝑆2
∗ + 𝐼1
∗ + 𝐼2
∗ + 𝑇∗ + 𝐴∗. 
 
